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IMPROVED SLOTTED LINE INCREASES 
ACCURACY AND CONVENIENCE OF 
COAXIAL LINE MEASUREMENTS 


• THE GENERAL RADIO Type 874 
Coaxial Comiector has gained rapid ac¬ 
ceptance as an outstandingly useful con¬ 
nector for measurement applications. Its 
universal nature, which permits any con¬ 
nector to plug into any other, simplifies 
setups, and fosters accuracy by eliminat¬ 
ing the plug-to-plug and jack-to-jack 
adaptors that are so often necessary 
when plug-and-jack-type connectors are 
used. In addition, its quick-connect-and- 
disconnect feature has been found to be 
an important time saver in many ap¬ 
plications. 

Around this connector has been built 
an extensive line of coaxial components 
and instruments, which, because of their 
flexibility, accuracy, and economy, have 
been widely accepted in laboratories, on 
the production line, and in the field, for 
measurement work at frequencies from 
dc to 5000 megacycles. 


One of the basic measuring devices 
used in measurements on coaxial-line 
circuits is the slotteci line. With it the 
standing-wave pattern on a coaxial line 
can be measureil, and standing-wave 
ratio, impedance, loss, and many other 
quantities can be determined. One of 
the most important General Radio 
coaxial devices is the Type 874-LB Slot¬ 
ted Line, which has been a popular com¬ 
mercial instrument for many years. A 
new version of this slotted, line, the 
Type 874-LB A, has now been devel¬ 
oped, which has higher accuracy and 
greater operating convenience than its 
predecessor. 

The new instrument has an improved 
mechanism for driving the electrostatic 
pickup probe, a more constant probe 
coupling along the line, a sturdier sup¬ 
porting structure, negligible backlash, 
felt lubricating and cleaning washers, im- 


Figure 1. View of the Type 874-LBA Slotted Line with Type 874-LV Micrometer Vernier. 
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proved center conductor and probe sup¬ 
port, adaptability to motor drive, and 
many other mechanical and electrical 
improvements. 

The new slotted line has a nominal 
frequency range from 300 to oOOO Me, 
l)Ut measurements can be made at fre¬ 
quencies as low as 150 Me and above 
5000 Me with some sacrifice in accuracy. 
The constancy of coupling of the pickup 
probe along its entire 50 cm of travel is 
within 1)'^%, and the residual voltage 
standing-wave ratio of the line and con¬ 
nectors is less than 1.025 at lOOfJ Me and 
less than 1.07 at 4000 Me. 

Probe Carriage Drive 

In order to minimize the distortion of 
the line and the changes in effective 
probe coupling resulting from forces ap¬ 
plied to the knob that drives the probe 
carriage, the driving knob is mounted 
in a fixed position on the right-hand end 
casting as shown in Figure 1, and the 
carriage is driven by means of a nylon 
cord. The cord forms a complete loop, 
which is attached to the carriage at one 
point, and which passes over an idler 
pulley on one end of the line and around 
a dnmi attached to the knob shaft on 
the other, as shown in Figure 2. The 
connection between the cord and the 
driving drum is obtained by means of 



friction, and one and a half turns of the 
cord around the drum have been found 
sufficient for positive drive without slip¬ 
page. Since there are no teeth or grooves 
involved in the drive mechanism, a very 
smooth adjustment is obtained. Ball 
bearings are used on the drum and pulley 
to reduce the driving force required and 
to minimize wear. A small ratchet-type 
take-up reel is mounted on the back of 
the carriage to permit adjustment of the 
tension in the nylon cord. 

The fixed position of the driving knob, 
the use of ball bearings throughout, and 
the durability of the nylon cord make 
the line easily adapted to motor drive. 
A motor-drive attachment will be avail¬ 
able in the near future. 

Probe Carriage Construction 

The probe carriage has several impor¬ 
tant features. It is made of cast bronze 
and hence slides on bronze bearings on 
t he finely groimd, chrome-plated surface 
of the outer conductor. Play in the car¬ 
riage, which can cause rocking and con- 
sequejit changes in probe coupling when 
the direction of travel is reversed, is 
eliminated by the use of two adjustable, 
spring-loaded nylon plugs, which bear 
against the bottom of the outer con¬ 
ductor of the line at each end of the 
carriage. A felt washer is mounted at 
each end of the carriage to prevent dirt 
and other foreign material, which may 
collect on the open surface of the outer 
conductor, from entering the bearing. Oil 
holes are provided to permit these wash¬ 
ers to be filled with oil which provides 
long-lasting lubrication of the bearings 
in the sliding carriage. A long Teflon 
bushing is used to support the probe and 
reduces to an insignificant amount the 

Figure 2. View of the drive mechanism shov^ing the 
driving drum, ratchet take-up mechanism and nylon 
cord. 
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transmission of motion from the tuning 
stub to the probe. 

Line Construction 

The outer conductor of the line itvself 
is rigidly clamped in heavy bronze cast¬ 
ings at both ends and the structiu*e is 
stiffened by means of two half-inch stain¬ 
less rods, so that distortion of the con¬ 
ductor as a result of mechanical forces 
is very small. Two insulators at each end 
of the line support the center conductor 
in order to minimize t he transmission of 
forces from the elements connected to 
the line, which might tend to deflect the 
center conductor. The supporting in¬ 
sulators are not located in the slotted 
section of the line and hence do not cause 
irregularities in the probe coupling. They 
are also electrically compensated to mini¬ 
mize reflections. The center conductor 
is made of steel tubing for rigidity, with 
heavy copper and silver platings applied 
for low electrical losses. The section in 
the slotted region is connected to the 
sections containing the supports by 
means of ball joints in order to reduce 
still further the transmission of deflect¬ 
ing forces. 

The end castings are provided with 
holes which extend through the rubber 
feet to permit mounting the line perma¬ 
nently to a bench or board, if desired. 

Figure 4. Plot of the effective lumped series resistance 
at the connector measured on a typical Type 874-LBA 
Slotted Line. The insertion-loss produced in a matched 
tine by the measured value of lumped resistonce is also 
indicoted, as well as the VSWR which would be pro¬ 
duced by the measured lumped resistance located at 
a current maximum in an open- or short-circuited 50- 
ohm line that has no other losses. 




Figure 3. Residual VSWR of a typical slotted line and 
associated Type 874 Connectors, as measured by the 
sliding short-circuit method. 


Performance 

The high degree of constancy of probe 
coupling over the entire oO-cm length of 
probe travel is acliieved by accurate 
straightening of the inner and outer con¬ 
ductors. Both conductoi*s are straight¬ 
ened to within ±.001 inch. A further 
reduction in the variation in probe cou¬ 
pling is obtained b^^ rotat ion of the center 
conductor after assembly until the high¬ 
est degree of constancy is obtaineil. The 
resultant variation in probe coupling i.s 
always less than ± I \ 4 %. 

The Type 874 Connector on the line 
provides a smooth transition l^etween the 
line and the circuit undcT teat. Figure 3 
shows the results of measurements, made 
by the sliding-short-circuit met hod, of 
the residual VSWR of the line and the 
associated Type 874 Connector. Low- 
reflection adaptors arc available to prac¬ 
tically any ct>mmonly used 50-ohm 
connector serie^s, including the large rigid 
lines which are used in television and 
radar transmission circuits. (See the list 
at end of article.) 

In measurements of very high stand¬ 
ing-wave ratios, the loss in the line and 
connectors is of importance. Since it is 
difficult to correct for line losses that 
are not uniformly distributed, it is an 
advantage to have the losses both low 
and as uniformly distnbuted as pos¬ 
sible. In the Type 874-LBA Slotted 
Line, some lumped loss is present at the 
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connector and at the ball joint, but the 
large physical size of the inner conductor 
in the line and connector provides large 
(contact surfaces and hence reasonably 
low losses. Figure 4 shows the measurefl 
value of the effective lumped resistance 
as a function of frequency in a typical 
Type 874-LBA Slotted Line. 

Applications 

The economy, size, and performance 
of the Type 874-LBA Slotted Line and 
the availability of numerous low-reflec¬ 
tion adaptors and coaxial components 
make the line well suited to a wide va¬ 
riety of measurements in the laboratory, 
on the production line, and in the field. 
Measurements on dielectric materials, 
lumped components, coaxial elements 
and networks, and antennas in the 
u-h-f range can be made accurately and 
simply with this slotted line and its 
associated components. 

One application is the measurement 
of the VSWR of adaptors such as the 
Type 874-QXP and -QN.I Adaptors to 
Type N Connectors. One method of 


making this measurement is to connect 
two adaptors back to back and to insert 
them between the end of the slotted line 
and a Type 874-D20 Adjustable Stub 
as shown in Figure 5. The \'SWH of the 
pair of connectors is then measured b^^ 
the sliding-short-circuit method. In this 
method, the stub is set to several ac¬ 
curately measured positions over a dis¬ 
tance of at least a half wavelength, and 
the position of a voltage minimum on 
the slotted line is accurately determined 
for each stub setting. If a discontinuity 
is present, the linear distance between 
the stub and the voltage minimum on 
the slotted line will change with the po¬ 
sition of the standing-wave pattern. For 
instance, if the discontinuity is a series 
inductance, the length of the line section 
will be decreased the maximum amount 
when a current maximum occurs at the 
series inductance. When a current mini¬ 
mum occurs at the series inductance, the ^ 
line length is unaffected by the presence 
of the inductance. Hence, as the position 
of the short circuit in the stub is changed 
to move the standing-wave pattern 


Figure 5. View of the slotted line and associated equipment set up for measuring VSWR of a pair of UG*type 
adaptors. The detector b a Type 1231-B AmpliSer ond Null Detector. 
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alon^^ the line under test, the apparent 
length of the line will change, and the 
distance between the position of the 
short circuit in the stub and the voltage 
minimum on the slotted line will vary. 
The maximum variation, A, is related 
to the VSWR introduced by the section 
of liiK* tinder test by the approximation 

2 T A 

= 1 -f- -T— 

A 

'rhe approximation is valid when the 
VSWR is small. 

The actual distance between the short 
(‘ircuit aiul the voltage minimum need 
not be measured because the variation 
in length can be determined from the 
relative motion of the stub and probe, 
'riie change in stub position must be 
accurately set, and a pair of calipers or 
gauge blocks can be used for this pur¬ 
pose. The probe position can be deter- 
mine<i with sufficient accuracy by use of 
the scale on the slotted line. Figure 6 
shows the results of typical measure¬ 
ments on UG-type adaptors. 

The Type 874-LBA Slotted Line, in 
conjunction with the wide variety of 
oscillaUirs. coaxial elements, and detec¬ 
tors produced )>y the General Radio 
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Figure 6. VSWR os o function of frequency for fypicol 
odapton. Measurement! were made on pairs of 
adaptor units, os shown in the sketch, and, hence, the 
stonding>wave rotios shown are the totals produced by 
two pairs of Type 874 Connectors plus a poir of UG* 
type (I.e., N, C, or BNC) connectors. 

Company, makes possible simple, accu¬ 
rate measurements of impedance, stand¬ 
ing-wave ratio, attenuation, and many 
other quantities with relatively inexpen¬ 
sive equipment. The continual improve¬ 
ments of existing components and 
instruments anti the development ctf 
new devices to expand the u.sefulness of 
the Type 871 Coaxial Elements will 
continue to broatlen (he applicability 
of this versatile line. 

^ R. .\. SODERMAN 


SPECIFICATIONS 


ChorocttrisHc Impedance: 50 ohmK db I 

Probe Trovel: 50 cctitimeters; seiile is calibnited 

in millimeters. 

Frequency Range: 300 to 5000 nK'giuycles. Op¬ 
eration at frequencies below 300 Me is possible, 
if length.s of Type 874-1,30 Air Line are arlded. 
DIelechrie; Air 

Accuracy: Coii.stuiiev of Probe Penetration 
VSWR of Terminal Connectors: 

Leas than 1.025 at 1000 Me. 

I^ss than 1.07 at 4000 Me. 

Crystal Rectifier: lN2lB-typc silicon crystal. 
Accessories Required: Suitable generator and <le- 
tertor isee next page). 


Other Useful Accessories: Type H74-WM 50-ohm 
Termination; Type 874-WN3 Shorl-Cinuit 
Termination; Type S74-W03 Open-Circuit 
Termination; Type 87‘1-M Component Mount; 
Type 874-UB Ualuii; and other Type 874 
Coaxial Elements. Set* current General Radio 
catalog for details and prices, or write our Sales 
Engineering Department. Coaxial adaptors as 
listed on page 6 are available for connecting to 
other types of eoaxial connectors. When* stand¬ 
ing-wave ratios greater than 10 are to be meas¬ 
ured, a Type 874- 1A” Micrometer Vender at¬ 
tachment and a harmonic filter should be used. 
Oimansions: 20 .X 4 ^ X 3 • y inches, overall. 

N«» Weight: 8V5 pound.**. 


Type 


Cotie Word Price 


874-LBA 

874-lV 

B74-F1000 

874.F500 


Slotted Line. 

Micrometer Vernier Attachment 

Low-Poss Filter... 

Low-Pass Filter . 


COAXRITNNER $220.00 

COAX READER 23.00 

COAX MEGGER 10.00 

COAXDIPPKR , 16.00 
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GENERATORS AND DETECTORS FOR THE SLOTTED LINE 

GENERATORS 

The* ffillfiwing gfiuTutors nn* rtTi^mmeiidod: 

Type __ _ _ Price 

1208- A Unit Otcillolor, 6S-500 Me. $ 190.00 

1209- A Unit Otcillotor, 250-920 Me. 235.00 

1215-B I Unit Oteillofor, 50-250 Me.. 190.00 

Thf jibove Unit OHcillators d<» i»ot include power Hupply; the Type 1203-A Unit Power Supply 
i« recH)mniendc<l. 

_ Type ____ Price 

1203-A I Unit Power Supply. | $40.00 

If a mudulat(‘d signal ia deaired, the Type 1214* A Unit Oscillator is recommended, to supply 
the modulating signal. 

Type _ Price 

1214-A I Unit Oseillotor. | $66.00 


DETECTORS 

Two sutisfactorj’ detector combinations are listed below: 

I. Using nudio-frequency output of crystal rectifier in slotted line. Requires a modulaUsl generator 
(see above). Nec(*«Har>' equipment consists of the following items: 


Type _ _ price 

1231-B I AmpliBnr and Null Deteetor. $250.00 

1231-P2 Tunud-Cireuit Niter. ' 25.00 

1231-P4 Adjustable ANenuator. 70.00 

874-D20 I Adjustable Stub, 275-5000 Me. | 11.00 

874-R32A 1 Patchcord. ; 5.50 


TOTAL. $361.50 


2. lleterodyi^ system. The .signal from the generator and a .••ignal from an auxiliiu'y oscillator are 
combined in a Type 874-MR Mixer Rectifier to produce a 30-megacyele difference frequency, 
which is fed to a Type 1216-A Unit I-F Amplifier. 

This method of detection affords much better shielding than a receiver used dirt*ctly at the 
operating frequency, and, in addition, provides the high degn-e of selectivity ne<‘ded for measuring 
hi^ standing-wave ratios. 

The Type DNT Detectors are complete heterodyne detector as8<*mblic»s and were dt'seribed in 


the General Radio Experimenter for May, 1954. 

Type _ Price 

DNT-1 0«l«ctor Assambly, 35 to 530 Me. . i $628.00 

DNT-2 Ootoctor Assombly, 25 to 280 Me... 628.00 

DNT-3 Dotoetor Assembly, 220 to 950 Me. I 667.00 


ADAPTORS 

When connections are to be made to systems using other ty|)es of coaxial connectors, adaptors 
as listed below will be needed. 


Type _ Elements Used in Adaptor _ Price 


874-ONP 

Typo 874 and Typ* N Plug. 

$4.50 

874-QNJ 

Typo 874 and Typo N Jaek. 

3.75 

874-QBP 

Typo 874 and Typo BNC Plug. 

4.75 

874.0BJ 

Typo 874 and Typo BNC Jaek. 

4.75 

874-QCP 

Typo 874 and Typo C Plug... 

6.25 

874.QCJ 

Typo 874 and Typo C Jaek..... 

4.75 

874-OHP 

Typo 874 and Typo HN Plug... 

6.50 

874-OHJ 

Typo 874 and Typo HN Joek. 

6.50 

874-OUP 

Typo 874 and Typo UHF Plug. 

4.25 

874-OUJ 

Typo 874 and Typo UHF Jaek. 

4.00 

874.QV3 

Adaptor to V-H-F rigid lino (51.5 ohms). 

87.00 

874-OU3A 

Adaptor to U-H-F 314^' rigid lino (50.0 ohms). 

87.00 

874-QV2A 

Adaptor to V-H-F 1H'' rigid lino (51.5 ohms). 

46.00 


Ttrs S74 Coaxial Cono«ctors ore maoufflctur^l and Mid und»r U. S. Patrnts 2,125,816 and 3,548,457. 
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NEW MODEL OF THE MEGOHMMETER 
HAS TWO TEST VOLTAGES 


The Type 1862-A Megohmmeter/ has 
found wide acceptance in the electrical 
and electronic industries for the rapid 
measurement of insulation resistance, 
the measurement of high-valued resis¬ 
tors, and for general resistance testing. 
In this instrument, the voltage across 
the resistance being measured is 500 
volts, a value accepted as standard by 
most industrial and professional groups. 

There have developed, however, a 
numl>er of tests that should be made at 
a voltage considerably lower than 500, 
in order to avoid any damage to the 
specimen under test, and, to meet this 
requirement, a new model, the Type 
I 862-B, has been developed, in which 
two test voltages are provided, 500 volts 
and 50 volts, either of which can be 
selected by means of a panel switch. 

The 50-volt test level will be found 
useful in resistance measurements on 
printed circuits and on components used 
in transistor circuits and in miniaturized 
e(|uipment. The 500-volt level is used 
for measuring the insulation of rotating 
electrical machiner>’, transformers, ca¬ 
pacitors, cables, appliances, and other 
power-line operated equipment. 

From mejisurements made with lK)th 
voltages, it is jx)S8ible to determine 
the voltage coefficient of insulation 
resistance. 

The selection of 50 volts as the low- 
voltage test potential permits a single 
meter scale to be used, thus preserving 
the simplicity and ease of interpretation 
inherent in the original design. The 
answer in megohms is still the product 
of a meter reading and a decimal multi¬ 
plier. A neon lamp operated by the 

*"A M)0>Vott Megohmineter for InKulation Touting,'* 
Cimtrol Radio KxiHTimmlrr. Vol XXVI, No. 0, Novem- 
hor, twn 



Figure 1. View of the Type 1862*B Megohmmeter. 

voltage-selection switch warns when the 
operating voltage is 500 volts. 

The low end of the resistance range is 
one half megohm for both operating- 
voltage conditions. For the 500-volt con¬ 
dition, the limiting factor is short-circuit 
current. When the unknown resistance 
is a short-circuit, the current that flows 
is about ten milliamperes at the lowest 
multiplier setting and is proportionately 
less at the higher settings. For the 
50-volt condition, the limiting factor is 
the source resistance of the 50-volt sup¬ 
ply (about 27 kilohms), which accounts 
for the larger error at the low range of 
the low-voltage condition (see specifi¬ 
cations). 

The high end of the resistance range 
is ten times as great (2,000,000 megohms) 
for the 500-volt condition as for the 
50-volt condition. This is inherent in 
the circuitr>', which consists essentially 
of a d-c supply (50 or 500 volts), an 
unknown, and a standard resistance, all 
in a series loop; a vacuum-tube volt¬ 
meter of two volts full scale is connected 
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H(T()s.s the staiulanl and is calibra(<N| l4» 
indicate megohms dirci^tly. 

While the new megohmmeter is useful 
for measuring resisl<ors and the leakage 
<»f both high-voltage and low-voltage 


capacitors and insulators, the facility 
with which voltage coefficient can now 
be determined opens up new fields of 
application. 

—A. G. Bou.sguHT 


SPECIFICATIONS 


Vol» 09 « Across Unknown: 500 votts or 50 voits, 
iirt s<*lurt<*d by ineutLx of u panel toggle switch. 
A nwn lamp warns when the 500-volt supply 
has fjwn .selected. 

Over a 105-125-voIt ratige in line voltage and 
»)ver the rt'sisUmce range of the instrument, the 
variation in voltage across the unknown resistor 
will be less than d:10 volts at 500 volts and 
Utw than d:4.0 volts at 50 volt«. 

Rang*: 0.5 megohm to 2,000,000 megi>hms at 
500 volts and to 200,000 megohms at 50 volts. 
There are six decxide steps as selected by a 
multiplier .switch. 

Scoio: E.ach resi.st:iiice dfH*ade up to 500,IXK) 
inf^^ihms (50,000 megohms for 50 volts) utilizes 
90% of the meter scale. Center scale values ore 
I, 10, 100, ICHX), and 10,000 megohms, with an 
additional center scale value of 100,000 meg¬ 
ohms for 500-volt operation. 

Accuracy: For 500-volt operation, the accuracy 
in per eeut of indicaUsi value at all but the 
highest multiplier i-etting is d=3% at the low- 
resistance end of each dts’ade, d:8% at mid- 
sciUe, and dtl2% at the high-resist.once end. 
Thc*re can be an mlditional dr2% error at the 
liighe.st multiplier setting. 

For 50-volt operation, there can be an addi- 
tioruU i2% error on all but the 0.5-5 megohms 
decade where the additional error can be i5%. 
TarminoU: In addition to termiiuals for connect¬ 
ing the unknov^'ti, ground and guard terminals 
im* provided. At two positions of the panel 
switch, all voltage is removed from all terminals 
to permit connection to be made in safety. In 
one of the position.s, the unknown t<*rminals 
are shunted to discharge the capacitive com¬ 
ponent of the unknown. All but tha ground 
terminal arc iiisulaUsl. 


Colibrotion Chock: A SW’itcb position is pntvided 
for standardizing the calibration at 50() volts. 

D«fign: Sinct* Bold application.s an* more severe 
than laboratory iitw*, the instnimi*ni w:is de¬ 
signed to be unusujdly rugged. The currying 
case can be completely closed; accessorv power 
cable and test leads are carried in tfn* case. 
Controls are sirnplifici) for us** by uiilrniiied 
personnel. 

Tubus: 8 upplic*d with the instrument: 

1 - 12Ar7 I—2X2-A 

1—OA2 1 - (iAIM 

I — 6X4 I — 6AF6 

I—5»i5l 1—NE-51 

Controls: A switch for selecting the oncrating 
voltage, a switch for sirlecting the multiplying 
factor, a control for stiuidardizing the calibra¬ 
tion, a control for setting the meter to the 
inBiiity reading, and a power switch. 

Mounting: The instrument is aaHemhlt*d on an 
aluminum panel Bnished in black-cracklc 
lacquer and is mounted in an iduminum cabinet 
with black-wrinkle Bnish and with blaek-phenol- 
ic protective sides. The jduminum-cover finish 
is black wrinkle. The ease* Ks provided with a 
currying handh*. 

Power Supply: 115 (or 230) volts at 40 to 60 
cycles. The jiower input is approximately 
25 watts. 

Accessories Supplied: Two color-coded tc'st lead.s 
with phono tips, two insulated prolnv, two lUli- 
gfitor clips, and a Typk 274-MH plug. 
Dimensions: riieight) 10*^" X (width) 9)u" X 
(depth) 11^", overall. 

Net Weight: 15^^ pounds. 


Type _ 

1S62.8 I M,oohmm,l«r... | 


Code Word _ Price 

JUROR $225.00 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE! TRowbridge 6-4400 


BRANCH ENGINEERING OFFICES 


NEW YORK I. NEW YORK 
90 WEST STREET 
TEL.-WOflli 4-2722 


LOS ANGELES 31. CALIFORNIA 
1000 NORTH SEWARO STREET 
TEL.-HOIIf«osd 9-6201 


CHICAGO 5. ILLINOIS 
120 SOUTH MICHIGAN AVENUE 
lEL.-WAkatb 2-3029 


SILVER SPRING. MARYLAND 
1055 1 31(1 STREET 
TEL JUsipcr 5-I0II 
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